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Tin doping in GaO.47Ino.S3 As and Alo.4slno.s2 As grown by molecular-beam 
epitaxy 
K. Y. Cheng, a) A. Y. Cho, and W. R. Wagner 
Bell Laboratories, Murray Hill, New Jersey 07974 
(Received 11 May 1981; accepted for publication 12 June 1981) 
Transport properties ofSn-doped Gllo.47 lno.53 As and Alo.48 lno.5Z As epitaxial layers grown lattice 
matched to InP substrates by molecular-beam epitaxy (MBE) have been studied. Doping levels as 
high as 2X 1019 cm- 3 have been achieved for both n-types G11o.47 lno.53 As and Alo.48Ino.5zAs. 
The carrier concentration varies proportionally with the arrival rate of Sn and the sticking 
coefficient ofSn in these ternary systems is estimated to be unity. For the same Sn arrival rate, the 
carrier concentrations in both ternary epitaxial layers are identical. Mobility studies showed that 
the results with MBE grown Sn-doped G11o.47 lno.53 As layers are comparable to the best reported 
with liquid phase epitaxy (LPE). The variations of electron mobility as a function of carrier 
concentration are in excellent agreement with the results of the theoretical calculations involving 
the alloy scattering mechanism at both room and liquid-nitrogen temperatures. The electron 
mobility variation in Alo.48 lno.52 As epitaxial layers follows the same trend as that in 
G11o.47 Ino.53 As epilayers. For the same carrier concentration, however, the value is only 1/6 of 
that of the Gao.47 lno.53 As. 
PACS numbers: 81.1S.Ef, 73.60.Fw, 68.SS. + b, n.80.Ey 
Recently molecular-beam epitaxy (MBE) has become 
further advanced in its capabilities for the preparation of 
uniform thin films with precision control of layer thickness, 
composition and doping concentration of various IlI-V 
compound semiconductors. 1.2 Epitaxial layers of 
Gax Inl _ x As lattice matched to InP substrates have been 
grown by MBE for optoelectronic3.4 and microwaves de-
vices. For devices requiring epitaxial growth of InP on 
Gax Inl _. xAs, however, the problem of the volatile phos-
phorus buildup within the MBE growth chamber during 
prolonged operation still needs to be solved. The 
Alo.48 Ino.52 As ternary compound, which has a band gap of 
-1.53 eV Ref. 6 at 3oooK, can be lattice matched to 
G11oA7 InO.53 As and the InP substrate is an attractive alterna-
tive to the InP epitaxial layer. Since it contains only one 
group V element, As, which is much less volatile than phos-
phorus, and both Al and In have unity sticking coefficients, 
it is ideally suited for the MBE technique. In contrast, 
Alylnl _yAs is not suitable for LPE because the large Al 
distribution coefficient in the AI-In-As ternary liquid solu-
tion makes it difficult to avoid compositional grading in the 
epilayer.7 
With the combination of G11o.47 In053 As and 
AloA8 Ino.52 As grown lattice matched on InP substrates, var-
ious microwaves and optoelectronic devices can be realized. 
For MBE grown p-type layers, we found Be to be the pre-
ferred dopant. ~ For n-type epilayers, Sn is the most conve-
nient dopant in most III-V compound semiconductors.'} In 
this work, we studied the doping and electrical properties of 
Sn-doped G11o.47 InO.53 As and Alo.48 In052 As layers uniform-
ly grown on InP substrates by MBE. 
Both Sn-doped G11oA7 Ino.53 As and AloAB Ino.52 As epi-
layers were grown on Fe-doped (100) InP substrates in a 
MBE system as described previously. I.~ All the effusion cells 
"an leave from Chung-Cheng Institute of Technology, Taiwan, Republic 
of China. 
are mounted between S-32° from the horizontal plane and 
are focused on the substrate. Each effusion cell has an aper-
ture 2.S cm in diameter and is located 12 cm from the sub-
strate. All crucibles are made of pyrolytic BN and contain 
high purity elemental sources of AI, In, Ga, As, and Sn. The 
actual temperature of each effusion cell was monitored with 
thermocouples touching the bottom of the crucible and cali-
brated with an optical pyrometer looking into the crucible 
through view ports. In order to further improve the uniform-
ity of the epilayers in the lateral direction, the sub~trate was 
rotated continuously I at a speed of 3 rpm during the growth. 
The InP substrate preparation is similar to that de-
scribed earlier. 2 After a flash desorption of the surface oxide 
at - SO<tc under the exposure of an As beam, the epitaxial 
growth was carried out at about 550°C. Typical growth rates 
for both G11oA7 Ino.53 As and A104B Ino.52 As are 2.75 ,urn/h. 
At the onset of growth, lattice matching between the epilayer 
and the InP substrate was monitored with high-energy elec-
tron diffraction (HEED)? X-ray diffraction was used to de-
termine the composition of the epilayer upon the completion 
of the growth. In all cases, the lattice mismatch between the 
epilayer and the substrate is less than I X 10-3, which, ac-
cording to Vegard's law, corresponds to a compositional 
variation of2% from the lattice matched condition. Compo-
sitional variation in the lateral direction is negligibly small 
when grown with a rotating sample holder. 10 
The doping and electrical properties of Gax In I _ x As 
and Alylnl _ yAs epilayers were measured by the Van der 
Pauw method. Ohmic contacts were made by alloying indi-
um dots onto the epilayer at 400°C for 30 sec in H2 ambient. 
The layer thicknesses used in this study were about 2.75 ,urn. 
Figure 1 shows the dependence of room-temperature elec-
tron concentration on the Sn oven temperature for 
Gaxlnl ___ xAs and Alylnl _yAs layers grown on InP sub-
strates. The solid line represents the Sn vapor pressure II as a 
function of liT. The slope of the vapor pressure curve agrees 
well with the 1/T dependence of the carrier concentration 
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FIG. I. Electron concentration vs Sn oven temperature, Tsn for MBE 
grown Gao., In"." As and Alo ... In"" As layers. The solid line represents 
the Sn equilibrium vapor pressure curve. 
over the doping range studied from 5 X 1016 to 2 X 101,} cm ~3 
of both ternary systems. Even at doping levels higher than 
10 I'} cm ~'. no sign of dopant saturation is observed and the 
surface morphologies are identical compared to un doped 
layers using an interference contrast microscope. These sug-
gest that, over the concentration range studied, the Sn dop-
ing level is proportional to the Sn arrival rate and Sn has a 
unity sticking coefficient in both systems. This is further sup-
ported by the identical doping properties of Sn in these two 
ternary compounds. Since the incorporation of Ga and Al 
into these two systems is equal,R with a unity sticking coeffi-
cient, a similar incorporation rate of Sn in both of the two 
systems is expected. 
Figure 2 displays the electron Hall mobilities as a func-
tion of carrier concentration for Sn-doped Gax Inl ~ xAs and 
AlyInl yAs layers grown by MBE. The electron mobility 
increases with lowering carrier concentration in all cases. 
The undoped Gax In 1 ~ x As has a background carrier con-
centration of1.5 X 1015 cm ~J with mobilities of 8100 and 
39000 cm2 IV sec at 300 and 77 K, respectively. In Sn-doped 
Ga047 Inos3 As epilayers, the electron mobilities are superior 
to the MBE results reported earlier 12 and are comparable 
with the LPE results. 13 The highest mobility values with an 
electron concentration of -l.4X 1016 are 7900 and 19 100 
cm2 IV sec at 300 and 77 K, respectively. That mobility at 77 
K is the highest reported in MBE grown Gao.47 Ino.53 As lay-
ers at the same doping level. However, the room-tempera-
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FIG. 2. Hall mobilities as a function of carrier concentration for Sn·doped 
Ga,'47 Ino 5.l As and Alo . ., In".52 As layers. The dashed curves are theoretical 
calculations on the electron Hall mobilities for Ga"., In" 5-' As with alloy 
scattering (Ref. 14). 
ture mobilities are lower than those in LPE layers 13 by 20% 
in the carrier-concentration range below 5 X 1017 cm ~ 3 and 
slightly above that of LPE for carrier concentration higher 
than 1018 cm ~3. This difference is probably due to the differ-
ent scattering mechanism involved in MBE and LPE materi-
als. According to the theoretical calculation of electron mo-
bilities in Gao.47 Ino.53 As by Takeda and Sasaki, 14 when 
including an alloy scattering term, our results are in excel-
lent agreement with their predictions at both 300 and 77 K as 
indicated in dashed curves in Fig. 2. For LPE grown layers, 
the experimental room-temperature mobility results coin-
cide with the calculated values when the alloy scattering 
mechanism is excluded. 14.15 The experimental mobilities at 
77 K in LPE grown layers, however, are similar to the MBE 
results and are influenced by the alloy scattering mecha-
nism. 14,15 For the Sn-doped Alo.4R InO.52 As epilayers grown 
by MBE, the variation of electron mobilities as a function of 
carrier concentration follows the same trend as that in Sn-
doped Gao.47 Inos} As epilayer. For the same carrier concen-
tration, the electron mobility in GaOA7 InO.5.l As is about six 
times higher than that of Alo.4R Ino52 As at room 
temperature. 
In both MBE grown Gao.47 InO.53 As and AI0.48 In052 As 
epilayers, the ratio of the room-temperature electron mobil-
ity in Sn-doped n-type material to the hole mobility in Be-
doped p-type materialR is about 16~20 over the whole doping 
range. This relatively large electron to hole mobility ratio 
encourages the development of high-speed low-noise photo-
diodes 13 with Gao.47 InO.53 As and Alo.48 Ino52 As materials 
for application to long wavelength fiber optical 
communication. 
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In conclusion, we have studied the doping properties of 
Sn-doped Gllo.47 Ina.53 As and Ala.48 Ino.52 As epilayers grown 
lattice matched to InP substrates by molecular-beam epi-
taxy. Doping concentrations from 5 X 10 16 to 2 X 10 19 cm- 1 
can be easily controlled by varying the Sn oven temperature. 
The analysis of the measured Hall mobility in MBE grown 
G1lo 47 Ino.53 As epilayers shows the presence of an alloy scat-
tering mechanism in both 77- and 300-K electron mobilities. 
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